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Abstract— On the threshold of the third millennium, built environments face the consequences of a deep technological obsolescence. 
While for the past,  research enabled the development of systems and devices able to impact on economies, in times of crisis, new smart 
growth should be tied with the development of appropriate enabling technologies. Assuming spaces and buildings as an expression of 
human creativity, knowledge and innovation are expected to focus on converging technologies in order to rebalance dissipative 
processes (Glaeser, 2009). The recomposition of trends, challenges and commitments (Watson, 2008) could drive a smart growth in the 
western world.  
The paper discusses the role that architectural technology can play to contrast ancient settlements' vulnerability, promoting shifts 
towards innovation, involving not only means and tools, but knowledge, rules, processes. The principle of ensuring the conservation of 
resources, drives an experimental design approach aimed to foster the development of a vegetated closure system for the recovery of 
buildings' envelopes. Assumptions underlying the design and prototyping experience is that the construction sector, is sensitive to 
evolutionary innovations rather than radical ones.  
The paper returns the conceptual work done by a team of architects from the Laboratory of Recovery and Maintenance at the 
University of Naples Federico II, for the drafting of a vegetated closure, developed in collaboration with the inventors of the 
polyurethane foam Hypucem from the Institute for Composite and Biomedical Materials - IMCB - CNR.  
Keywords- recovery, prototype, design, vegetated closure 
I. INTRODUCTION  
In marking the history of our civilization, the evolution of 
technologies has been often assumed as one of the primary 
elements of mediation between societies, local economies and 
vocations. Cultural continuity between knowledge and spaces, 
for centuries connotes the constructive choices. Over the past 
four decades, the architectural technology witnesses a profound 
change in the channels of research and dissemination for the 
built. Forty years after the first debates on buildings’ recovery 
and innovation, designing technological devices and solutions 
is still a strategy that connects knowing with doing. The 
operational scenario is today, strongly, marked by a 
commitment to sustainability. Scientific efforts are geared to 
shift the focus from products to services, resulting in scenarios 
of co-creation with the communities of consumers based on a 
new system of values. Strategically important to the economic 
growth of European countries, the sustainable development 
processes when referred to the construction industry play a 
non-homogenous role in national economies, depending on 
positions, demographic trends, main economic choices [1]. 
Over the past few years, the EU countries face with 
responsibility the attempt to rethink the overall performance of 
the built space for a changing society [2]. In a dynamic 
scenario, research tends to encourage radical changes in the 
commitments, not only for new realizations, but especially for 
existing assets' maintenance. Considering the sustainable 
development as a priority, researchers gradually focus on the 
translation of the principles of fairness in the use of resources, 
into solutions able to promote an environmental 
appropriateness [3].  
Theoretical and methodological engagements promoted by 
the European Union, when applied to built environment, are 
informed to a dual strategy. They are characterized on one 
hand by the need for the conservation of resources and on the 
other by the search for compatibility in transformations. 
Reversing past trends relative to the dissipation of resources 
and degradation processes are the main drivers of search. 
Among the priorities, special attention is paid to consumption 
reduction and well-being for classes and populations. 
Economic growth, social inclusion and resource's protection, 
are pivotal instances that require synergistic cooperation 
between actors responsible for settlements’ design and 
management [4]. 
The renewed commitment on the cultural level does not 
correspond to significant results for the real estate market. 
During the years of crisis, the construction industry for 
recovery is marked by a decrease in investments for 
technologies and materials, with a high fragmentation of the 
offer [5]. The origin of this disparity between cultural 
engagement and results is the difficulty of bringing research in 
terms of technical solutions. Investigations in terms of 
products, suffer a general arrest at a meta design level, with 
limited implications for the execution phase, prototype and 
testing. Prior attention is paid to the relationships between 
technology, cultural and social changes [6]. The main 
economic investments focus on buildings’ energy efficiency, 
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with the performance assessment and benchmarking for 
sustainability [7].  
At the beginning of the third millennium, the research 
community becomes aware of the need to shape the future of 
built environment bridging the gaps between innovation and 
recovery [8]. The penetration of a long-term sustainable vision, 
although, requires innovative products and services able to 
trigger a technological transition [9]. As for the past, systems 
and technical devices drove the development of the economies, 
today it is necessary to design research path aimed at 
overbalancing the dissipative processes. Transition is a long-
term process, entailing markets, user practices [10]. Assuming 
spaces and buildings as the expression of human creativity, 
laboratories can become the open innovation environments in 
real-life settings, where user-driven innovation could be 
integrated. Filling the gap between dissipative systems and new 
rebalancing needs, research for built environment recovery 
opens up, through technological transition, new markets with 
social processes of transposition and benefit sharing.   
II. BUILT ENVIRONMENT RECOVERY AND TECHNOLOGIES  
Since 2010, the Laboratory of Recovery and Maintenance 
at the University of Naples Federico II (L.R.R.M.) worked for 
the foreshadowing of dialogue scenarios among several actors 
of the recovery processes. The research experiences carried out 
over the last years aimed at countering the vocation of the built, 
towards the dissipation of resources, through changes to the 
traditional behavior of construction systems
1
. Along this 
cultural line, the Laboratory developed an applied research 
with the Institute for Composite and Biomedical Materials - 
IMCB - CNR, of Naples, to outline the potential of integration 
for technical devices made of hybrid foam [11], in the recovery 
of vertical and horizontal external closures.   
The indispensable necessity of ensuring the conservation of 
resources, in the field of construction activities, becomes the 
foundational assumption of an experimental design approach 
aimed at promoting a technological transition [12]. Inspiring 
visions on sustainable systems configurations, drive these 
processes, including a combination of mutually reinforcing 
steps and activities: analysis, envision, exploration of new 
paths, experimentation, assessment.  
The European guidelines for the urban environment quality 
are adopted as references in the development of an innovative 
design concept. The building system is enhanced by 
components that cannot only increase inner performances, but 
can also induce positive effects on the environment with new 
answers to the challenges of poor air quality, high noise levels, 
emissions of greenhouse gases, climate change. Pioneer 
experiences of integration of greenery in buildings - carried 
out, first in Japan, the United States and Canada - are taken as 
guidance of the design choices.  
                                                          
1  The paper reports the cultural assumptions and strategies shared by 
the group of researchers of the Laboratory L.R.R.M. from the Faculty of 
Architecture and converged in the works of Teresa Napolitano, Integration of 
innovative material Hypucem for the rehabilitation of the building, and Sara 
Bianchi, Testing the applicability of Hypucem for building restoration:green 
roofs. 
The cultural hypothesis adopted is that through the 
demarcation of boundary conditions on time, case by case, 
recovery can promote controlled processes of transition, in 
which the built is enriched with new features. A prototype of 
vegetated closure arises from the verification of the potential of 
hybrid polyurethane - concrete foam [13], characterized by 
levels of mechanical strength and durability comparable to 
inorganic cement materials, and thermal acoustic insulation or 
sound absorption equal to foams commonly used in civil and 
industrial. 
An imbalance between growing demand for innovation and 
available solutions, marks the scenario in which the Lab opens 
to meet the sustainability issues, through concrete actions, 
aimed at a conscious use of resources. With a view to 
balancing the urban metabolism, technological innovation 
opens up new opportunities, fielding tools and procedures for 
designing solutions that can affect quality.  
Space’s identity is a direct expression of the relationship 
between places, people and institutions. Under this perspective, 
the aim of research is to promote the implementation of 
performance levels traditionally offered by technical elements 
through the study of appropriate and sustainable solutions able 
to satisfy urban and environmental requirements. Moving from 
the comparison between the performance of the hybrid foam - 
Hypucem, innovative material realized by the Institute for 
Composite and Biomedical Materials - IMCB – CNR, and the 
building envelope, the laboratory draws requirements for 
prototyping the vegetated wall. The choice to experience the 
integrability of Hypucem, descends from having found in it, 
interesting features and levels of performance with respect to: 
thermal insulation properties and inertia; properties of sound 
insulation and sound absorption; mechanical properties. 
III. DESIGN APPROACH AND TEST PROCEDURES 
An iterative process of prediction-testing-audit, informs the 
design strategy, linking building technology, chemistry, 
material's engineering and botany [14]. The work inspires to 
already existing closures, characterized by a structure anchored 
to the housing wall with integrated systems that can 
accommodate permanently plant elements ensuring their 
support for static and nourishment [15].  
The identification of the elements of the paneling has been 
carried out taking into account several technological 
alternatives on the market, differentiating between:   
 Primary structure, coated with a waterproofing 
membrane, by means of a metal frame that creates a 
gap aims to avoid water infiltration.  
 Secondary structure, generally constructed with rigid 
panels - which can be spread a layer of felt that the 
essence root vegetable -.   
 Fertigation system with micro-irrigation programmed 
according to the real needs of the garden; it can work 
with both continuous supply of water or with 
recycling, through a drip tray underneath and a 
filtration system. 
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Focusing on the needs of flexibility and integrability, the 
design merges into a range of possible solutions for the 
vegetated closure, differently integrating the elements[15]:  
 Primary structure  
Closed-cell polyurethane foam; 
Open-cell polyurethane foam with cement; 
Open-cell foam polyurethane with soil (50 – 50%); 
Open-cell polyurethane foam-soil-fertilizer (50 - 45 -
5 %). 
 Secondary structure  
Full horizontal support for the growing substratum: 
hybrid material; Growing substratum felt; 
Vegetation. 
Support horizontal with several cavities hybrid 
material; Growing substratum soil; Vegetation. 
Support horizontal with a cavity: hybrid material ; 
Vegetation. 
 Start up of cultivation 
Sowing; Transplant. 
 Vegetation 
Ocimum basilicum; Nepeta cataria; Ervum Lens; 
Capparis spinosa; Portulaca; Pachypodium lamerei; 
Lupinus alba; Vicia faba; Ficus pumila; Scindapsus 
aureus. The hypothesis flows in the design and testing 
of a series of alternative configurations of panels in 
which the relations between foam, soil and plants 
change from time to time (table I). 
TABLE I.  TEST LIST 
ID. 
Test 
A 
Formul
ation of 
the 
hybrid 
material 
Functional 
diagram  
Start up of 
cultivation  
Vegetation  
A1 Closed-
cell 
polyure
thane 
foam 
Full 
horizontal 
support 
for the 
growing 
substratu
m: hybrid 
material 
Growing 
substratu
m: felt, 
vegetation 
Sowing Ocimum  
basilicum 
A14 Open-
cell 
foam 
polyure
thane 
with 
soil 
Support 
horizontal 
cavities 
hybrid 
material 
Growing 
substratu
m: soil, 
vegetation 
Transplant Pachypodium 
lamerei 
 
TABLE II.  SPECIMEN 1 
Configuration of the 
specimen A1 soil
waterproofing
root barrier
green
panelwaterproofing
panel
technical fabric
green
root barrier
 
Test procedure  
1. Assembling the test specimen according to the 
configuration.  
2. Preparing the reference specimen, consisting of vessel for 
containing soil cultivation.  
3. Growing layer vegetation through planting and  irrigation 
of the test specimens and reference.  
4. Examination of the results at regular intervals. 
Overcoming any limitation to design opportunities, 
prototyping is supposed to be a pre-condition for mediating 
between buildings’ aging and degradation processes, the needs 
of new residents, the economic sustainability of the design 
solutions. The potential impact of vegetated closures is 
prefigured systematizing the formulation of the hybrid 
material, in relation with the functional diagrams, the 
description of the cultivation start up, the vegetation (table I). 
A first solution of vegetated closure is based on the 
integration of the panel in insulating polyurethane foam with a 
cultivation substrate in technical fabric on which to grow the 
vegetation. The panel is sealed to the side in contact with the 
casing, spaced from the latter by a frame in metal profiles - 
mullions and transoms - anchored with metal brackets. 
Through the implementation of the closure, panels recreate the 
flatness of the façade ( Table II). 
The evaluation of the attitude of the sample Hypucem to 
support the vegetation growth is expressed as a comparison 
between modes of growth of vegetation between the hybrid 
material specimen and a reference practiced at regular intervals 
(Table III).  
In the first configuration, the objects of the experimentation 
are the following parameters: kind of felt; type of vegetation;  
type of fertilizer; resistance to biological attack; type of product 
to counter biological attacks of vegetation (root-barrier); 
Hypucem resistance to biological attack animals and micro-
organisms; resistance to aggressive agents (fertilizers). 
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TABLE III.  TEST PROCEDURE 
Assembling the test 
specimen according to the 
configuration. 
 
Panel lining with molded 
felt 
 
Engraving of pockets 
formed with 24 diagonal 
cuts  
of about 2 cm in length, 
charged at intervals  
regular on the surface 
layer of felt.  
 
 
 
Allocation of seeds in the 
pockets (5 for your 
pocket). 
 
 
 
The behaviour of the hybrid material is observed through 
the changes in its characteristics (Table IV). 
TABLE IV.  OUTCOMES 
Test A1  Date: 12.08.2011 
Time elapsed from sowing 28 days 
 
TABLE V.  SPECIMEN 2 
Configuration of the 
specimen A14 soil
waterproofing
root barrier
green
panelwaterproofing
panel
technical fabric
green
root barrier
 
ID. Test 
A 
Formulati
on of the 
hybrid 
material 
(M-) 
Start up of 
cultivation  
Vegetation (V-) 
A14 Open-cell 
foam 
polyureth
ane with 
soil 
Transplant Pachypodium 
lamerei 
Test procedure  
1. Assembly of the test specimen according to the 
configuration.  
2. Growing layer vegetation by planting and irrigation.  
3. Examination of the results at regular intervals. 
In a second option, the panel in insulating polyurethane 
foam presents variable thickness to accommodate modular 
containers in which are embedded the soil cultivation and the 
plants. A net of irrigation crosses the entire closure. The panel 
is sealed to the side in contact with the green and ferti- 
irrigation (tests A14). 
The assessment of the attitude of the sample polyurethane / 
soil to support the development of the vegetation is observed 
through the relief of the vegetal layer growth mode.  
In the second configuration of the specimen,  the objects of 
the experimentation are: type of vegetation, soil type - 
TABLE VI.  SINGLE CAVITY  
Test A14 Date: 20.10.2011 
Time elapsed from traplant15 days 
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TABLE VII.   MUTIPLE CAVITIES 
Test A14 Date: 20.10.2011 
Time elapsed from traplant15 days 
Making several cavities 
at an angle through the 
manual removal of 
material.  
 
 
Inserting the roots of 
the plants in the cavity 
 
 
Insertion and 
compaction of soil in 
the cavity. 
 
 
thickness,  resistance to biologic attack; type of product to 
counter biologic attacks of vegetation (root-barrier); Hypucem 
resistance to biological attack animals and micro-organisms; 
resistance to aggressive agents (fertilizers). 
To this solution, different configurations are tested: single 
specimen (Table VI) or multiple cavities (Table VII).  
The validation procedure for the specimens in the lab has 
provided a first control after 15 days and another after 45 days 
from the realization, to check behaviors that are returned by the 
hybrid material, growing substratum, vegetation and fertigation 
(Table VIII).  
TABLE VIII.  VALIDATIONS 
 A1 A14 
 15days 45days 15days 45days 
Support for the 
vegetal layer  
H L H M 
Resistance to the 
action of the roots 
of the vegetation  
H L H M 
Waterproofing  H M H L 
Resistance to 
biological attack  
H M H M 
Resistance to frost  H H H H 
Need for pruning H M H H 
 
The observation shows that, overall, the second solution has 
the best features of integrability with the built, but, over time 
requires more maintenance because of the loss of consistency 
and continuity of the growing substratum. The experimental 
work is still in progress, for the validation of specimens in situ. 
IV. DISCUSSION 
When referring to buildings, bridging the gap between 
recovery and sustainability requires to extend the design 
process from the specific technical solution to the 
customization prototype. In order to apply Hypucem for 
greening existing walls, design solutions are expected to take 
care of built settlements’ characters and performances. In an 
undefined scenario of technological possibilities, the selection 
of a concrete case study, gives the design team an opportunity 
to outline a system of requirements and limitations. Specific 
object of investigation is the Mediterranean rationalist heritage. 
Due to the simplicity of the volumes, the order of the facades, 
the modulation of the technical elements, rationalist 
architecture can be assumed as an extraordinary laboratory of 
materials and technologies of the 900. In the Italian city of 
Naples, the relationship between composition and construction 
is particularly fertile, as testified by the rationalist settlements 
realized in Fuorigrotta (Fig. 1). Several buildings made over a 
period of about 30 years pose today significant problems of 
preservation particularly relevant in the exterior envelope. 
Towers 10 floors high, with five flats per floor, stand alongside 
low-rise buildings in line, with a few units per floor (Fig. 2). 
On the construction, these settlements are characterized by flat 
roofs generally no cornices, blind facades, balconies 
characterized by low slopes of the slabs, ineffective water 
hunting and gutters, downspouts inadequate inserted into the 
opaque curtain. In order to recover the damaged envelopes and 
to reduce energy losses, experimenting with Hypucem paneling 
is referred to these buildings. Solutions for environmental 
compensation, mitigation and improvement of the site have 
been identified in the greening of the buildings. The design of 
the vegetated closure has been based on the study of the 
architectures taken as a case study, and their degenerative 
processes. 
1 - District Miraglia,  
 
2 - Distict Duca 
d’Aosta 
3 – Social housing 
INA-INAIL 
4 – Social housing  
5 – Social housing  
6 – District Cesare 
Augusto 
Figure 1.  Case Study social housing in Fuorigrotta 
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Figure 2.  The District Cesare Augusto 
In order to outline the aptitude of the case studies to the 
integration of green closures, six districts have been examined; 
the analysis aimed to survey lots and built areas and to 
calculate areas marketable to greening technology and related 
capacity to mitigation of carbon dioxide emissions
 
and 
economic burden. 
Data relating to directing capacity of absorption and 
metabolism of carbon emission compared to the Neapolitan 
level of annual 4.0 tonnes of CO2 per capita
,
 demonstrate that 
the efficacy of mitigation is proportionate areas. The 
installation and maintenance costs, corresponding to greening 
opportunities, may be compared to the following economic 
benefits: an increase from 3 to 20% of property value of 
buildings, reduction of domestic energy consumption, increase 
the durability of roofing, chiefly constituted by bituminous 
membranes, and linked reduction or temporal extension of the 
frequency of maintenance interventions. Recovery and 
sustainability commitments are reported in this way to an urban 
scale, where advantages and disadvantages between the 
prototype solutions, are evaluated in terms of ability to perform 
the function of carbon sequestration (Table VIII). Data relating 
to direct capacity of absorption and metabolism of carbon 
emission compared to the local level of annual 4.0 tonnes of 
CO2 per capita, demonstrate that the efficacy of mitigation is 
commensurate to the extent of green areas.  
TABLE IX.  THE POTENTIAL IMPACT OF CLOSURES 
District 
Area 
(sq.
m.) 
Built-up 
area 
(sq.m.) 
Potential green 
roof area (sq.m.) 
Carbon 
sequestration 
indicative quantity 
(g.) 
Reference value: 
~375 
g./sq.m. 
1 8.260 2.576 2.330 ~873.750 
2 30.53 15.700 14.700 ~5.512.500 
3 3.730 1.460 1.430 ~536.250 
4 5.643 1.761 1.660 ~622.500 
5 10.19 3.763 2.830 ~1.061.250 
6 13.94 4.760 4.160 ~1.560.000 
CONCLUSION  
The scientific literature is unanimous in bringing the 
current weakness of the field of sustainability and building 
recovery to the lack of investment in research and 
development. The fragmentation of activities and skill is a 
barrier to innovation: in the sector operate, in fact, few actors 
of great magnitude, and an infinite number of companies with a 
small number of employees. In these contexts, entrepreneurs 
tend to operate locally in scenarios where innovation is not a 
reward. The adoption of new strategies and, above all, the 
propensity for innovation in products, processes or factors of 
production are rare. Similarly, the production of patents 
devoted to recovery languishes.  
Scenarios of new prosperity for the sector may result from a 
renewed commitment to transform scientific knowledge in 
technologies. A cleaner production for elements and devices 
would have the potential to reduce the delay of innovation. The 
concept of prosperity, proposed at the end of the sixth World 
Urban Forum in September 2012 for the cities of the third 
millennium, transcends the vision of economic success, 
introducing a meaning of development socially broad, balanced 
and durable. The term prosperity - "pro-speras" - refers to the 
concept of hope. Promoting the idea of prosperity through new 
management of scientific and technological research will 
deepen and strengthen the bonds between individuals, society 
and living places or buildings. Extending the assets’ life cycle, 
reducing maintenance and operating costs, selecting 
preservative techniques and materials are the instances that can 
guide analytical efforts. By deploying synergies between 
cultural operators in the recovery and experts in specific areas 
of sustainability, buildings' management could emerge as a 
privileged operating field for contrasting settlements' inherent 
vulnerability.  
The promotion of innovative technologies opens up new 
scenarios of conversion for the dissipative processes, fielding 
innovations that involve materials and devices, performances 
and knowledge. It can therefore act as an important engine for 
market's development.  Driving the built heritage’s 
technological shift in the third millennium towards the 
overbalancing of dynamics through processes of cleaner 
production calls into question, next to the design of new 
hypotheses and validation conditions, sharing commitment in 
innovation.   
Targeted training for technological transition are 
predisposing conditions for the penetration of a conscious 
approach within the strategies and choices for buildings’ 
recovery. Europe's shift towards scenarios of prosperity is 
directly related to the ability to drive the future for built 
environment. 
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